Introduction {#S0001}
============

The population of elderly is rapidly growing. In Sweden 2017, approximately 2 million individuals were ≥65 years, compared to approximately 1.5 million in the year 2000.[@CIT0001] Expected life age for men and women in Sweden 2017 was 80.7 and 84.1 years, respectively, which is a substantial increase compared to the corresponding figures for the year 2000, 77.4 and 82 years, respectively.[@CIT0001] Along with old age, serious diseases become more frequent. The prevalence of chronic heart failure (CHF) among Swedish age ≥80 years during recent years is estimated to 10%.[@CIT0002] Correspondingly, the Swedish prevalence of COPD is 8% already at 50 years and increase by age.[@CIT0003]

Advanced stages of both diseases, that is, New York Heart Association (NYHA) Functional Classification, class 3--4 for CHF subjects and GOLD, stage III--IV/class C and D for COPD subjects, cause severe disability.[@CIT0004],[@CIT0005] Dyspnea is a characteristic feature of both diseases, which initially is exertional, and as the diseases progress, appears at rest as well.[@CIT0004],[@CIT0005] Edema is associated with CHF, while patients with COPD demonstrate chronic cough, which often is associated with increased mucus production.[@CIT0004],[@CIT0005] Both diseases may demonstrate episodes of worsening of these symptoms, so-called exacerbations.[@CIT0004],[@CIT0005] At such occasions, CHF patients are often relieved by a combination of fluid restriction and diuretics.[@CIT0004] In contrast, moderate and severe exacerbation of COPD, which is often associated with an inflammatory response in the respiratory tract to an infection, demands antibiotics, alone or in combination with steroids.[@CIT0005] Unless treatments are initiated at an early stage of the deterioration, elderly, fragile patients with advanced stages of CHF or COPD commonly require visits to the emergency room and ensuing hospitalization due to an exacerbation.

During the last 15 years, there has been a growing number of telehealth studies and reviews including patients with CHF and/or COPD. Some of these have shown a reduced morbidity and mortality as well as positive effects on exacerbation and hospitalizations.[@CIT0006]--[@CIT0015] However, to become successful, the introduction of a new home telemonitoring system in healthcare needs to be accepted by professional caregivers as well as patients.[@CIT0016] In Sweden 2018, approximately 500,000 individuals never use the internet.[@CIT0017] The majority of these individuals are ≥75 years.[@CIT0017] Possible barriers to using internet and telecommunication technologies are aging that can affect the functioning of sensory and motor organs,[@CIT0018],[@CIT0019] but the most common reasons given are "no interest" and "complicated technology."[@CIT0017],[@CIT0020] Considering this lack of familiarity to internet use, we thought it is feasible to employ the telemonitoring system, the Health Diary, which is based on digital pen technology. In a previous study, we used this technology to monitor the well-being in a group of elderly multi-diseased subjects, in which CHF was the dominating cause for frequent contacts with the health care and re-admissions to hospital.[@CIT0021],[@CIT0022] In this small pilot study (n=14), exacerbations of CHF were detected early, treatment was initiated at home by a specialized hospital-based home care (HBHC) unit, and hospitalization was thereby avoided. Indeed, in this setting, none of the included subjects were hospitalized during the surveillance period of 13 months.[@CIT0021],[@CIT0022] This very favorable outcome urged us to perform a larger study to further develop the system, and for better understanding of the impact of chronic cardio-pulmonary morbidity on elderly, we decided to include subjects with CHF and COPD, thus, enabling a comparison of the diseases.

Studies comparing CHF subjects and COPD subjects regarding the frequency of exacerbations and consequent health care contacts in populations are surprisingly scarce. In a Scottish study from 2010, which analyzed contact rates in primary health care, contact rates for CHF and COPD were observed.[@CIT0023] In those with both conditions, contact rates were greater than disease-specific contact rates in subjects with either condition alone.[@CIT0023] Considering the above-mentioned disease characteristics of CHF and COPD, we hypothesized that subjects with CHF or COPD -- in an HBHC setting of fragile, elderly patients with advanced stages of diseases -- would exhibit differences regarding exacerbation frequency and subsequent need of health care, ie, hospitalization and HBHC contacts. The rationale was to compare the healthcare utilization of elderly, very sick patients with frequent hospitalizations, the latter dominated by either COPD or CHF, but not excluding patients with both diagnosis. Thus, providing a real-life perspective as CHF and COPD commonly co-exist. Indeed, patients with the most advanced form of COPD commonly present with right-heart failure due to emphysema and ensuing hypoxemia. Primary outcome was exacerbation frequency and home health care contacts appearing during the intervention, thus, comparing COPD and CHF subjects. Secondary outcome was the number of hospitalizations during a 1-year intervention, compared to the number of hospitalizations of the same subjects the 1-year prior inclusion. The causes behind hospitalization, urgent or planned, were of interest. The subjects' experiences regarding their ability to handle the technology and method, their participation in their own care, their knowledge of the illness and their feeling of security were also assessed.

Materials and methods {#S0002}
=====================

Setting and usual care {#S0002-S2001}
----------------------

The study setting was the Hospital-Based Homecare (HBHC) unit, Linköping University Hospital, which provides specialized homecare to patients diagnosed with advanced CHF and COPD. Usual care, before the present study was started, could consist of a treatment period from a few days to several weeks, depending on the patient's condition. Treatment for CHF patients usually includes intravenous injections or infusion of diuretics and changes in medications. Treatment for COPD patients usually includes inhalations, steroids and antibiotics. Most patients are usually visited frequently in their homes for the follow-up of their health status. Usually, the patient is discharged to primary care, when he/she is considered stable with respect to CHF/COPD.

Study design {#S0002-S2002}
------------

### Forms and equipment {#S0002-S2002-S3001}

The researchers, professional caregivers and the company Phoniro Systems AB, Halmstad, Sweden (<https://www.phoniro.com>) formed a group with the purpose of considering all requirements on system functionality together with usability aspects, and to further develop and tailor the system. Besides keeping the system's functionality from the pilot study,[@CIT0022] new functionality was implemented, allowing a larger group of patients to send in their reports daily without any loss of incoming data. The digital pen technology (Anoto Group, Lund, Sweden; [www.anoto.com](http://www.anoto.com)), described in more detail elsewhere,[@CIT0024] consists of an ink pen with a digital infrared camera that records everything the pen writes or draws on any paper imprinted with the Anoto Pattern -- a non-repeating dot pattern nearly invisible to the naked eye, but used by the pen to establish its exact location. The pen strokes are recorded and transferred via mobile internet to a server ([www.anoto.com](http://www.anoto.com)) where they are interpreted.[@CIT0024]

Three *Health Diary* forms were designed ([Figure 1](#F0001){ref-type="fig"}); the yellow form to cover respiratory symptoms and medications, the green form to cover shortness of breath, weight changes, and medication and the blue form to cover different measurements ([Figure 1](#F0001){ref-type="fig"}). COPD subjects and CHF subjects reported daily using the yellow form and the green form, respectively. If decided by the responsible physician, the subjects (both COPD and CHF subjects) could also use the blue form to report on measurements. In collaboration with the researchers and the HBHC clinic, Phoniro Systems AB designed, developed, tested and implemented the care provider part of the Health Diary system; a web-based application for receiving, storing, managing, and displaying incoming patient reports. Historical outcome measure data can be shown in graphs and as numbers in the user interface. Physicians and nurses were instructed on how to use the web-based application. At inclusion, all study subjects were informed that they also could contact the clinic by phone if necessary.Figure 1The Health Diary forms.

### Study cohort {#S0002-S2002-S3002}

Inclusion criteria for participation were: ability to provide written informed consent, ≥65 years, COPD and/or CHF, ≥2 hospital admissions due to CHF or COPD during the last 12 months. Exclusion criteria comprised dementia, other cognitive impairment or psychotic illness, not able to understand Swedish (because of the questionnaires in Swedish used), severe hearing loss, past surgery in the last 6 months or planned within 6 months ahead, or other life-threatening illness. Ninety-eight patients were approached for this study and asked for participation. Three patients with CHF and one patient with COPD declined to participate giving 94 patients, who agreed to participate.

Subjects were recruited during a 3-years period and the last included subject was followed another year, leading to a 4-year study, from November 2013 to December 2017. Planned inclusion period was 12 months for each participating subject. At inclusion, the study subject was designated to either the COPD group or the CHF group, depending on the disease that dominated the clinical picture, that is, the disease that was the main reason behind hospital admissions during the 12 months prior to inclusion. During their study participation, none of the subjects were discharged from the HBHC unit to primary care. However, for other health conditions, not related to CHF/COPD, the subjects were referred to primary care or other care providers during the study period.

### Ethics {#S0002-S2002-S3003}

The study was approved by the Regional Ethical Review Board in Linköping, Sweden (no. 213/309-31) and was registered at ISRCTN (ISRCTN34252610). The study was conducted in accordance with the Declaration of Helsinki, the guidelines of the International Conference on Harmonization of Good Clinical Practice (ICH-GCP), and the applicable Swedish laws. It was required that study subjects gave informed written consent before participation.

### Intervention {#S0002-S2002-S3004}

The intervention consisted of subjects' daily reporting by use of a digital pen and a Health Diary form. All subjects were to report daily on symptoms and intake of medications taken as needed using the green (CHF subjects) and yellow (COPD subjects) forms. Further, all CHF subjects were to measure their weight (using the subject's own scale or a Marquant, No. 820-199, P.R.C.) and report this on the green form. Additionally, if decided by the responsible physician, some subjects were asked to report on measurements, such as blood pressure (using an Omron i-C10 blood pressure monitor; OMRON Healthcare Europe, Hoofddorp, the Netherlands), pulse and oxygen saturation (SAT) (using a pulse-oximeter; NONIN 2500 PalmSat, Plymouth, MN, USA), and body temperature, during a shorter or longer period, using the blue form.

The Health Diary forms also allowed free text messages from the subjects, thus, providing additional information on the subjects' health status. Alarms were generated if reported values were outside of predetermined individual limits. These limits were adjusted and individualized by the responsible physician. Alarms were also generated if a subject failed to send in a report or if the care providers forgot to check and sign the patient reports in time.[@CIT0021],[@CIT0022] The alarm type was shown with an icon in the Health Diary system, and different alarms had different icons. Additionally, more serious alarms, such as low oxygen saturation or an increased breathlessness, were also shown as Short Message Service (cellular phone text messaging) text messages in a mobile phone used by one of the nurses. Included study subjects were thoroughly instructed by a study nurse to correctly handle the equipment. The health professionals at the specialized HBHC unit, responsible for both subject surveillance and the medical actions taken, checked the Health Diary system daily and were thereby immediately informed about the subjects' health status.

Subjects received home visits when needed, decided by a responsible physician or nurse. If a subject's reports indicated a deteriorated health or showed a beginning exacerbation, the nurse or physician first contacted the subject by phone and decided thereafter if a home visit was necessary.

### Outcome parameters {#S0002-S2002-S3005}

Primary outcome was exacerbation frequency and home health care contacts appearing during the intervention, thus, comparing COPD and CHF subjects. Secondary outcome was the number of hospitalizations during a 1-year intervention, compared to the number of hospitalizations of the same subjects the 1-year prior inclusion. Since not all subjects completed the 1-year study period, study months were compared with the same number of months immediately prior to inclusion. The causes for hospitalization, urgent or planned, were assessed for the study period. Data originates from patient records. The study also sought to assess the subjects' experience regarding their ability to handle the technology and method, their participation in their own care, their knowledge of the illness, and their feeling of security.

At inclusion, subjects with COPD were also asked to fill in the mMRC questionnaire (scoring dyspnea in daily life on a scale from 0 to 4) and COPD Assessment Test (8 questions scoring COPD symptoms from 0 to 5, thus, providing a total score 0--40) for GOLD classification. Demographic data were collected at baseline (gender, age, smoking status, pack-year, etc.), along with vital parameters, such as blood pressure, heart rate, body temperature, SAT, and body weight. Further, height and calculated body mass index (BMI) were recorded, and blood was sampled for analysis. Comorbidities were documented at baseline and scored accordingly using Charlson Comorbidity index (CCI). Exacerbations and hospitalizations were registered continuously. At 1, 6, and 12 months of inclusion, study subjects also filled in questionnaires about their ability to handle the technology and method, their participation in their own care, their knowledge of the illness and their feeling of security.

### Statistical analysis {#S0002-S2002-S3006}

The results are reported as the mean ± 1 SD (range) for continuous variables. Two-sided *t*-tests were used for continuous normally distributed variables (paired was used for comparison in the same group and unpaired was used for comparison between two groups) and Pearson's chi-squared test for categorical variables. IBM SPSS Statistics, vs 6, was used (IBM SPSS, Chicago, IL, USA).

Results {#S0003}
=======

Differences between COPD- and CHF subjects {#S0003-S2001}
------------------------------------------

A total of 94 patients, 58 CHF and 36 COPD subjects were included in the study. Characteristics of the study subjects are summarized in [Table 1](#T0001){ref-type="table"}.Table 1Characteristics of the study sample CHF- versus COPD-subjects. Results are presented as mean ±1 SD (range) for continuous variables and percentage for categorical variables. *P*-values are from Chi-square test and Student's *t*-test (*P*-value≥0.05)CHF (n=58)COPD (n=36)*P*-valueAge83±7 (65--100)75±6 (65--86)\<0.001Women, n (%)29 (50)22 (61)n.s.12 months prior inclusion\
 Times hospitalized, all causes\
3.1±1.5 (2--10)\
3.4±1.8 (2--9)\
n.s.Current smokers, n (%)2 (3)10 (29)\<0.05Ex-smokers, n (%)31 (54)25 (71)n.s.Never smokers, n (%)25 (43)0 (0)\<0.05Pack-year8±13 (0--59)38±19 (1--100)\<0.001BMI27±5 (16--43)24±6 (12--41)\<0.01SAT (%)95±3 (82--99)90±6 (70--98)\<0.001Subjects on LTOT, n (%)0 (0)7 (19)CCI, mean (SD)4.9 (2.3)3.4 (2.0)\<0.001CCI, n (%)\
 0--1\
4 (7)\
5 (14)\
n.s. 24 (7)9 (25)\<0.05 36 (10)12 (33)\<0.05 ≥444 (76)10 (28)\<0.05Subjects with COPD, n (%)17 (29)36 (100)FEV~1~ (% predicted), COPD subjects only58±18 (23--96)39±15 (13--79)\<0.001GOLD stage, n (%)\
 I--II\
13 (76)\
3 (8)\
\<0.05 III3 (18)7 (20)n.s. IV1 (6)26 (72)\<0.05GOLD grade, n (%)\
 A--B\
6 (35)\
1 (3)\
\<0.05 C0 (0)0 (0.0)n.s. D11 (65)35 (97)\<0.05Subjects with CHF, n (%)58 (100)22 (61)NYHA-class, n (%)\
 3\
46 (79)\
20 (91)\
\<0.05 412 (21)2 (9)\<0.05 WBC (ref: 3.5--8.8×10\*9/L)7.8±1.9 (4.2--12.4)10.9±4.8 (5.6--32.7)\<0.001 hsCRP (ref: \<10 mg/L)14.7±16.3 (0.7--93)29.1±58.9 (0.3--343)n.s. Hemoglobin (ref: 134--170 g/L)127±17 (95--167)130±17 (102--172)n.s. Creatinine (ref: 45--90 µmol/L)134±63 (64--488)83±30 (43--164)\<0.001 ProBNP (ref: \<1800 ng/L)6036±6232 (410--35,000)-- 25(OH)D (ref: ≥50 nmol/L)--60±28 (11--141)[^1]

There were 50% and 61% women in the CHF and the COPD groups, respectively ([Table 1](#T0001){ref-type="table"}). All subjects included were frequently hospitalized during a 12-month period prior inclusion, but no significant difference was observed between the two groups ([Table 1](#T0001){ref-type="table"}). At inclusion, all subjects, although being very fragile demonstrated stable vital parameters (heart rate, blood pressure, body temperature, morning weight; data not presented). Mean age was significantly lower, and tobacco consumption was significantly greater among COPD subjects ([Table 1](#T0001){ref-type="table"}). Moreover, COPD subjects had less comorbidity and were thinner than CHF subjects, reflected by a significantly lower CCI and BMI ([Table 1](#T0001){ref-type="table"}). SAT was significantly lower among COPD subjects ([Table 1](#T0001){ref-type="table"}). Indeed, 7 (19%) COPD subjects were on long-term oxygen therapy. All but one subject in the COPD group had advanced COPD. In the CHF group, 17 subjects (29%) had COPD as well. However, compared to the COPD group, these subjects exhibited significantly greater lung volumes, here presented as FEV~1~ (% predicted), and GOLD stages and grades were less advanced. Importantly, COPD was not the cause for health contacts and hospitalization for these subjects in the CHF group. Conversely, in the COPD group, 22 subjects also suffered from CHF. All 22 subjects demonstrated severe deconditioning, reflected by NYHA 3--4. Nevertheless, despite both advanced stages of COPD and NYHA class, COPD -- not CHF -- dominated the clinical picture of these subjects. In addition, exacerbations of COPD were the cause for health care contacts before and during the study period.

White blood cell count was significantly higher among COPD subjects, while CHF subjects demonstrated significantly higher levels of creatinine. The level of B-type natriuretic protein (proBNP), a marker of CHF, was generally elevated among CHF subjects, while the level of the stable metabolite of vitamin D, 25(OH)D, which mainly reflects UV exposure due to outdoor activities, was sufficient (≥50 nmol/L) among 24 COPD-subjects (67%; [Table 1](#T0001){ref-type="table"}).

Death was the major reason for not completing the study {#S0003-S2002}
-------------------------------------------------------

The proportions completing the study period of 12 months were approximately the same in both groups; 55% in the CHF group and 53% in the COPD group ([Table 2](#T0002){ref-type="table"}). The major reason for not finalizing the study period was death; 28% in the CHF group and 36% in the COPD group ([Table 2](#T0002){ref-type="table"}). Other reasons to stop study participation were physical or cognitive deterioration or change of residency, mostly by moving to a nursing home ([Table 2](#T0002){ref-type="table"}). Assessable study months per included study subjects did not differ significantly, when the two groups were compared ([Table 2](#T0002){ref-type="table"}).Table 2Study performance. Results are presented as mean ±1 SD (range) for continuous variables and percentage for categorical variables. *P*-values are from Chi-square test and Student's *t*-test (*P*-value≥0.05)CHF (n=58)COPD (n=36)*P*-valueCompleted 12 study months, n (%)32 (55)19 (53)n.s.Did not complete 12 study months, n (%)26 (45)17 (47)n.s.Reasons behind early exclusionDeath, n (%)16 (28)13 (36)n.s.Deterioration, n (%)6 (10)2 (6)n.s.Change of residency, n (%)4 (7)2 (6)n.s.Study monthsTotal484280Per study subject8.4±4.5 (0--12)7.8±4.8 (0--12)n.s.[^2]

COPD-subjects exacerbate more often, demanding more health care {#S0003-S2003}
---------------------------------------------------------------

Only 2 subjects of 36 subjects (6%) in the COPD group had no exacerbations, while 23 subjects of 58 subjects (40%) in the CHF group had no exacerbations. Thus, COPD-subjects demonstrated significantly more disease-specific exacerbations ([Table 3](#T0003){ref-type="table"}). This resulted in significantly more home visits by the HBHC physician ([Table 3](#T0003){ref-type="table"}). Overall, the COPD-subjects demanded significantly more care, reflected by more home visits and phone calls ([Table 3](#T0003){ref-type="table"}).Table 3Primary outcome; exacerbation frequency and home health care contacts. Results are presented as means ±1 SD (range) for continuous variables . *P*-values are from Student's *t*-test (*P*-value ≥0.05)CHF^a^ (n=58)COPD^b^ (n=36)*P*-valueDisease-specific exacerbations per subject0.8±0.9 (0--5)3.2±2.7 (0--10)\<0.001Home care visit per subjectBy physician8.0±4.5 (1--18)11.2 ±7.9 (1--32)\<0.05By nurse28.8±18.8 (2--87)41.6±49.4 (2--251)n.s.By physiotherapist2.3±2.2 (0--9)2.7±3.2 (0--12)n.s.By dietician0.2±0.7 (0--4)0.5±0.8 (0--3)n.s.By curator0.0±0.1 (0--1)0.9±2.1 (0--9)n.s.Total home care contacts (home visits & phone calls)67.4±38.0 (5--187)94.4±84.4 (3--334)\<0.05[^3]

The variables monitored differed in appearance when exacerbations of CHF and COPD were compared. This is illustrated in [Figure 2](#F0002){ref-type="fig"}, which shows the appearance of a representative CHF exacerbation (A) and a representative COPD exacerbation (B). Data are from the Health Diary system. For the CHF subject ([Figure 2A](#F0002){ref-type="fig"}) symptoms are preceded by a weight gain, appearing slowly over time (not shown in the Figure), which culminates by breathlessness, first occurring upon activity and then also at rest. These symptoms disappear as soon as the patient is stabilized by medications, at this occasion initiated at day 7, when a nurse visited the patient at home and initiated an increased dose of diuretics. Note that symptom scales returned to the baseline already within a couple of days. In contrast, breathlessness was a common sign of a COPD exacerbation, appearing first at activity and then also at rest ([Figure 2B](#F0002){ref-type="fig"}). If the medical actions were not immediately taken, ie, increased use of inhalations, and if needed, antibiotics or/and oral steroids, breathlessness was followed by a decline of SAT. As the subject was improved on medication, SAT and symptom scores slowly reached their baselines. Indeed, as in this case, breathlessness on activity score often remained on a higher level, despite that SAT was normalized. In the present case, medical actions were taken on day 7. Both patients ([Figure 2A](#F0002){ref-type="fig"} and [B](#F0002){ref-type="fig"}) were successfully treated at home during their exacerbations. As the responsible staff got familiar with the telemonitoring system and the disease behavior of each individual, actions were taken at an earlier stage in most cases and changes of variables from baselines became less pronounced.Figure 2The figures illustrate exacerbations of (**A**) CHF and (**B**) COPD. A time span of 20 days is shown. Data are from *theHealth Diary* system.

Intervention reduced hospitalization frequency {#S0003-S2004}
----------------------------------------------

Secondary outcome of the present study was to assess whether a combination of telemonitoring and HBHC would reduce the frequency of hospitalizations compared to the year prior to study inclusion. Data originates from patient records. Results are summarized in [Table 4](#T0004){ref-type="table"}. Hospitalization rate prior inclusion, compared to during the study period, did not differ significantly, when the groups were compared. Since the number of months prospectively studied during the study were fewer (8.4±4.5 and 7.8±4.8 for CHF and COPD subjects, respectively) than the number of months prior to study intervention (12 months per every subject) retrospectively evaluated, hospitalization rates prior inclusion for both groups were adjusted accordingly, see "Materials and methods" section for details ([Table 4](#T0004){ref-type="table"}). Compared to adjusted hospitalization rates prior inclusion, the intervention significantly reduced hospitalization rates for both groups ([Table 4](#T0004){ref-type="table"}).Table 4Secondary outcome; times of hospitalization. Results are presented as means ±1 SD (range) for continuous variables and percentage for categorical variables. *P*-values are from Student's *t*-test (*P*-value ≥0.05)CHF (n=58)COPD (n=36)*P*-valueTimes hospitalized 12 months prior inclusion, all causes, per subject3.1±1.5 (2--10)3.4±1.8 (2--9)n.s.Times hospitalized during study period, all causes, per subject0.8±1.3 (0--7)1.2±1.5 (0--6)n.s.Assessable months in the studyPrior inclusion696432During the study484280% of planned study months7065After adjustment for assessable months-Times hospitalized prior inclusion, all causes, per subject\*\*\*2.1±1.1 (1.4--7)\*\*2.2±1.2 (1.3--5.8)n.s.[^4][^5]

During intervention, hospitalizations were categorized as either disease-specific -- urgent or planned -- or due to other causes. Data originates from patient records. Results are summarized in [Table 5](#T0005){ref-type="table"}. Although the total need of hospitalization during the study period did not differ significantly between the two groups ([Table 5](#T0005){ref-type="table"}), the need of urgent disease-specific hospitalization, ie, due to exacerbation of either CHF or COPD, was significantly less among CHF subjects ([Table 5](#T0005){ref-type="table"}).Table 5Hospitalization during study period specified as disease-specific -- urgent or planned -- or due to other causes. Results are presented as means ±1 SD (range). *P*-values are from Student's *t*-test (*P*-value ≥0.05)CHF (n=58)COPD (n=36)*P*-valueDisease-specific hospitalization per subject, urgent0.1±0.3 (0--1)0.6±0.9 (0--4)\<0.01Disease-specific hospitalization per subject, planned0.0±0.1 (0--1)0.2±0.6 (0--3)n.s.Hospitalization per subject due to other causes0.7±1.3 (0--7)0.5±1.0 (0--4)n.s.[^6]

Subjects found the telemonitoring system easy to handle {#S0003-S2005}
-------------------------------------------------------

The subjects' experiences regarding their ability to handle the technology and method, their participation in their own care, their knowledge of the illness and their feeling of security were evaluated at 1, 6 and 12 months of participation using questionnaires. Results are summarized in [Table 6](#T0006){ref-type="table"}.Table 6Questions and results from the questionnaire concerning various symptoms, medication, and use of the digital pen (translated into English). All questions were responded from 1 = "I do not agree" to 5 = "I fully agree"1 Month6 Months12 MonthsQuestion no.Adapted fromQuestions about symptoms, medication, and use of the digital penNMean ± SD (min-max)NMean ± SD (min-max)NMean ± SD (min-max)1Demiris et al, 2000,[@CIT0014] question 12The digital pen and health diary saves me time.734.5±1.0 (1--5)554.3±1.2 (1--5)494.6±1.0 (1--5)2Bakken et al, 2006[@CIT0015]It was easy to learn to use the digital pen755.0±0.3 (3--5)534.9±0.3 (4--5)474.8±0.6 (1--5)3Bakken et al, 2006[@CIT0015]I can always trust the digital pen to work764.6±0.9 (2--5)554.7±1.0 (1--5)484.5±1.0 (1--5)4Lind & Karlsson, 2004[@CIT0016]It was easy to understand the health diary744.7±0.7 (1--5)524.8±0.7 (2--5)484.9±0.5 (2--5)5Demiris et al, 2000,[@CIT0014] question 2The digital pen can violate my privacy781.5±1.1 (1--5)561.6±1.2 (1--5)501.7±1.2 (1--5)6--If I could use the digital pen and health diary in the future I would like to764.4±1.2 (1--5)564.3±1.3 (1--5)484.4±1.3 (1--5)7Bakken et al, 2006[@CIT0015]I am more involved in my care when using the digital pen and health diary784.5±1.0 (1--5)554.5±1.0 (1--5)494.6±1.0 (1--5)8Bakken et al, 2006[@CIT0015]My health care professionals use information from the digital pen and health diary during home visits or telephone follow-ups774.8±0.6 (1--5)554.8±0.7 (1--5)484.9±0.6 (1--5)9Demiris et al, 2000,[@CIT0014] question 1My health care professionals can get a good understanding of my medical problem through the digital pen and health diary774.7±0.9 (1--5)544.8±0.6 (2--5)494.6±0.9 (1--5)10Demiris et al, 2000,[@CIT0014] question 7The digital pen and health diary save time for my health care professionals744.8±0.6 (1--5)554.7±0.8 (1--5)494.7±0.9 (1--5)11Demiris et al, 2000,[@CIT0014] question 19The digital pen and health diary make it easier for me to contact my health care professionals744.8±0.6 (3--5)554.6±1.0 (1--5)494.7±0.8 (1--5)12Bakken et al, 2006[@CIT0015]My health is better than it was before I used the digital pen and health diary753.4±1.5 (1--5)563.9±1.3 (1--5)493.6±1.4 (1--5)13--I learn more about my disease when using the digital pen and health diary773.4±1.4 (1--5)563.8±1.4 (1--5)493.7±1.4 (1--5)14--I feel more secure when reporting using the digital pen and health diary774.5±1.0 (1--5)564.7±0.9 (1--5)494.6±0.9 (1--5)15Bakken et al, 2006[@CIT0015]I follow my health care professionals' advice better when I use the pen and health diary774.5±1.0 (1--5)564.5±0.9 (1--5)494.5±1.0 (1--5)

The collective responses to Q1--Q11 reflected a great satisfaction with the telemonitoring system used, and Q12--Q15 showed a positive impact on the subjects' own experience of their health status. The responses were also maintained over time.

Discussion {#S0004}
==========

To the best of our knowledge, this is the first study that shows that elderly patients with frequent exacerbations of advanced COPD demand much more health care than elderly patients with frequent exacerbations of CHF do. During the study period, COPD subjects exacerbated significantly more often than the CHF subjects did and exhibited significantly more hospitalizations and home care due to the urgent need to treat COPD exacerbations. Overall, the intervention supplied -- a combination of telemonitoring and HBHC -- significantly reduced hospitalization frequency for both COPD and CHF subjects compared to the status prior inclusion. Considering that COPD subjects were significantly younger than CHF subjects were and had significantly less comorbidity, the differences described are probably best explained by different disease characteristics and different exacerbation pattern. It might be that most exacerbations of CHF are earlier and easier detected, and further, that deterioration is more easily prevented, and treatment is more efficient compared to exacerbations of COPD. The method of reporting with a digital pen and a *Health Diary* form were well accepted and easy to handle by patients, and the health care personnel found the web-based telemonitoring system easy to use.

The results of the present study are best understood in the light of two previous studies, which also assessed differences of COPD and CHF subjects in terms of exacerbations and health care contacts.[@CIT0023],[@CIT0025] As already mentioned, the Scottish study by Hawkins et al concluded that contact rates for CHF and COPD were greater in those with both CHF and COPD than disease-specific contact rates in subjects with either condition alone.[@CIT0023] A significant difference between the two diseases alone was not demonstrated.[@CIT0023] This study analyzed data from a primary health care register and a great number of patients were included.[@CIT0023] The severity of CHF and COPD was, however, not specified.[@CIT0023] A recently published Italian study by Beghe et al analyzed 3-year hospitalization and mortality in elderly smokers/ex-smokers with COPD or CHF.[@CIT0025] This study included 144 COPD and 96 CHF subjects with mild to moderate disease.[@CIT0025] Previous hospitalization 12 months prior inclusion was 23.6% and 22.9% for COPD and CHF subjects, respectively.[@CIT0025] The risk of hospitalization and mortality during the study period did not differ.[@CIT0025] Three-year mortality was 14% and 19% for COPD and CHF subjects, respectively.[@CIT0025] Compared to the study by Beghe et al,[@CIT0025] clearly, the patients included in our study were much more fragile, presenting with end-stage CHF or COPD, defined by advanced disease stages, repeated hospitalization prior to inclusion and very high 1-year mortality; 36% and 28% for COPD and CHF subjects, respectively.

CHF and COPD are both diseases causing severe disability in advanced stages. Along with old age, these patients become very fragile. Even a minor exacerbation may lead to a deterioration of the disease, which is sufficient to make hospitalization necessary. Thus, end-stage diseases of COPD and CHF among elderly result in frequent hospitalizations during the end of their lives.[@CIT0026],[@CIT0027] Early intervention, using telemonitoring systems for detection of signs of deterioration, is supposed to be of value.[@CIT0013]--[@CIT0015] However, the results of different telehealth programs for CHF patients differ a great deal. Such programs may[@CIT0006],[@CIT0007] or may not[@CIT0004],[@CIT0028],[@CIT0029] reduce morbidity and mortality. Despite the inconsistency regarding the outcome, the collective impression of randomized control studies (RCT) performed is that there is a beneficial effect on CHF-related hospitalizations and mortality.[@CIT0013],[@CIT0014] Likewise, positive effects by telemonitoring on the frequency of exacerbations and hospitalizations among COPD patients have been demonstrated,[@CIT0010]--[@CIT0012] while other studies have shown no differences on exacerbation or hospitalization frequency between intervention and control groups.[@CIT0030]--[@CIT0032]

The ways COPD patients may be supervised by remote monitoring were recently summarized by Tomasic et al.[@CIT0033] Such patients may be supervised continuously during normal daily activities for the early detection of exacerbations using different sensors to monitor SAT, blood pressure, heart rate, breathing frequency, motions, etc.[@CIT0033] Since a COPD exacerbation is defined by the patient's own experience of increased cough, chest tightness and dyspnea, we decided to base the remote monitoring on a questionnaire covering these symptoms.[@CIT0034]--[@CIT0036] As a complement, vital parameters were monitored in some patients and daily morning body weight was registered for all CHF subjects. COPD subjects were offered the COPD-6-device to monitor airway obstruction, but, since this device was rarely used, sufficient data were not generated. We evaluated the subjects' experience of the telemonitoring system, and it was very well tolerated and accepted. The web-based application used by the staff, when checking patients' reports, was developed in accordance with requirements from physicians and nurses, with the purpose of being easy to learn and use. Considering the varying results on outcomes by different modes of telemonitoring, documented in a recent review covering 46 RCTs on COPD patients,[@CIT0015] we found our results very satisfactory.

The present study has weaknesses. *Firstly*, it is not an RCT. For the secondary outcome, which was analysis of hospitalization frequency, historical data were used. However, since disease history of every subject was very thoroughly investigated, using patient records, we believe that this study design may provide data with great safety. *Secondly*, among COPD subjects, which were those that demonstrated most exacerbations and hospitalizations, a substantial number of subjects presented with NYHA functional class 3--4 (22 subjects, 61%). COPD patients very often suffer from CHF as well, which mostly engages the right ventricle due to pulmonary hypertension secondary to advanced lung disease and hypoxemia.[@CIT0005] Since most of these subjects were not investigated further regarding cardiac dysfunction, using blood analysis of proBNP or echocardiography, we cannot entirely rule out the possibility that some of these subjects also had left- or biventricular failure and that it was the combination of COPD and CHF, rather than COPD per se, that made these COPD subjects more fragile. Speaking against this notion, however, is the fact that every exacerbation and every hospitalization occurring in the COPD group were thoroughly categorized by physicians well acquainted with the characteristics of exacerbations of both diseases and the typical disease pattern of the study subject; indeed, all these events taking place in the COPD group were regarded as due to COPD deterioration (not due to CHF) and were treated successfully as such.

Conclusion {#S0005}
==========

In the present study, COPD subjects exhibited exacerbations more frequently than CHF subjects did, thus, demanding much more home health care. We consider this difference mainly due to disease characteristics. Moreover, the remote monitoring reduced both disease-specific and all-causes hospitalization significantly.
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[^1]: **Abbreviations:** BMI, body mass index; CCI, Charlson Comorbidity Index; CHF, chronic heart failure; hs-CRP, high sensitivity C reactive protein; LTOT, long-term oxygen therapy; NYHA, New York Heart Association Functional Class; 25(OH)D, the stable metabolite of vitamin D; proBNP, B-type natriuretic protein; SAT, blood oxygen saturation; WBC, white blood cell count; n.s., not significant.

[^2]: **Abbreviations:** CHF, chronic heart failure; n.s., not significant.

[^3]: **Notes:** ^a^Demanding diuretics; ^b^ demanding antibiotics and/or steroids.

    **Abbreviations:** CHF, chronic heart failure; n.s., not significant.

[^4]: \*\*\*\<0.001 vs "during study period"; \*\*\<0.01 vs "during study period".

[^5]: **Abbreviations:** CHF, chronic heart failure; COPD, chronic obstructive pulmonary disease; N.s., not significant.

[^6]: **Abbreviations:** CHF, chronic heart failure; n.s., not significant.
